The crystal structure of La 2 SiO 5 was refined from laboratory X-ray powder diffraction data ͑CuK␣ 1 ͒ using the Rietveld method. The crystal structure is monoclinic ͑space group P2 1 / c , Z =4͒ with lattice dimensions a = 0.93320͑2͒ nm, b = 0.75088͑1͒ nm, c = 0.70332͑1͒ nm, ␤ = 108.679͑1͒°, and V = 0.46687͑1͒ nm 3 . The final reliability indices were R wp = 7.14%, R P = 5.52%, and R B = 3.83%. There are two La sites in the structural model, La1 and La2. La1 is ninefold coordinated to oxygen, forming a tricapped trigonal prism with a mean La1-O distance of 0.263 nm. The La2O 7 coordination polyhedron is a distorted capped octahedron with a mean La2-O distance of 0.251 nm. The La1O 9 polyhedra share faces and the La2O 7 polyhedra share edges, forming two sets of sheets that alternate parallel to the ͑100͒ plane. These sheets are linked through SiO 4 tetrahedra and non-silicon-bonded oxygen atoms to form a three-dimensional structure. This compound is isomorphous with the low-temperature ͑X 1 ͒ phases of R 2 SiO 5 ͑R = Y and Gd͒. 
I. INTRODUCTION
Rare earth ͑R͒ oxyorthosilicate of the type R 2 SiO 5 have two polymorphs, both of which are monoclinic, with space group P2 1 / c for the low-temperature ͑termed X 1 ͒ phase and I2/a for the high-temperature ͑X 2 ͒ phase ͑Felsche, 1973; Wang et al., 2001; Smolin and Tkachev, 1969; Leonyuk et al., 1999; Maksimov et al., 1970; . The crystal structure of the X 2 phase consists of RO 6 octahedra and SiO 4 tetrahedra. For the X 1 phase, there are two types of R sites; one is coordinated by nine oxygen atoms, while the other is coordinated by seven oxygen atoms. The atomic arrangements in the two structures are quite different from each other; hence, a phase transition from one to the other would be of the reconstructive type. The X 1 phase has been obtained at ambient temperature with the large-radius rare earths: R = Yb to La, Y, and Gd ͑Felsche, 1973; Wang et al., 2001͒ . Structural parameters have been refined for the two compounds Y 2 SiO 5 ͑Wang et al., 2001͒ and Gd 2 SiO 5 ͑Smolin and Tkachev, 1969͒. The X 2 phase is metastably obtained at ambient temperature with the smaller rare earths of R = Lu to Tb and Y ͑Felsche, 1973; Maksimov et al., 1970͒. With an increase of the R ionic radius, the unit-cell volumes of both phases steadily increase. A close relationship has been demonstrated between the lattice deformations induced by thermal expansion and those by cationic substitutions ͑Fukuda and Matsubara, 2003͒.
In the present study, we prepared the X 1 phase with the largest ionic radius rare earth, La ͑La 2 SiO 5 ͒, to refine the crystal structure from powder diffraction data using the Rietveld method. The volumetric expansion induced by cationic substitutions is discussed in relation to the difference in expansion behavior between the coordination polyhedra RO 9 and RO 7 .
II. EXPERIMENTAL
A specimen of La 2 SiO 5 was prepared from stoichiometric amounts of reagent-grade chemicals La 2 O 3 and SiO 2 . Well-mixed chemicals were pressed into pellets ͑12 mm diameter and 3 mm thick͒, heated at 1773 K for 24 h, followed by quenching in air. Experimental X-ray powder diffraction intensities were collected at 298 K on a PANalytical X'Pert PRO Alpha-1 diffractometer equipped with a high-speed detector ͑X'Celerator͒ in the Bragg-Brentano geometry using monochromatized CuK␣ 1 radiation ͑45 kV, 40 mA͒. Other experimental conditions were continuous scan, 2 range from 14.0042°to 148.4965°, total of 16 097 datapoints, and total experimental time of 21.46 h. The divergence slit of 0.25°was employed to collect the quantitative profile intensities over the whole 2 range. The crystal-structure models were visualized with the software package VENUS ͑Izumi and Dilanian, 2002͒. The integrated intensities were refined by the whole powder-pattern decomposition method, based on the Pawley algorithm ͑Pawley, 1981͒, using program WPPF ͑Toraya, 1986͒ from the diffraction data up to 60°2. The observed diffraction peaks were examined to determine the presence or absence of reflections. Systematic absences l 2n for h0l and k 2n for 0k0 reflections were found, which implied that a possible space group was P2 1 / c. The derived unit-cell parameters and the possible space group were in accord with those of the X 1 phases of R 2 SiO 5 ͑R = Gd and Y͒. Structural parameters were refined by the Rietveld method using the program RIETAN-2000 ͑Izumi and Ikeda, 2000͒ and the experimental powder diffraction data shown in Figure 1 . A Legendre polynomial was fitted to background intensities with 12 adjustable parameters. The pseudo-Voigt function ͑Toraya, 1990͒ was used to fit the experimental peak profiles. All of the isotropic atomic displacement parameters ͑B͒ of oxygen atoms were constrained to have the same value. The final reliability indices were R wp = 7.14% ͑S = 2.01͒, R p = 5.52%, and R B = 3.83% ͑Young, 1993͒. Crystal data are given in Table I , and the final positional and B parameters of atoms are given in Table II . There are two La sites in the structural model, La1 and La2. The La1 atom is coordinated to nine oxygen atoms, forming a tricapped trigonal prism with bond lengths ranging from 0.237 to 0.305 nm ͑mean= 0.263 nm͒. A similar geometry around the La atom has been described in sodium lanthanum diphosphate NaLaP 2 O 4 ͑mean= 0.260 nm͒ ͑Ferid and Horchani-Naifer, 2004͒. The La2 atom is sevenfold coordinated with a mean La2-O distance of 0.251 nm, which is comparable to those of the two types of LaO 7 polyhedra in lanthanum aurate, La 4 Au 2 O 9 ͑mean= 0.250 nm͒ ͑Ralle and Jansen, 1994͒. The ratio of the volume of the circumscribed sphere to that of the polyhedron ͑V S / V P ͒ for La2O 7 is 2.94. Because the V S / V P values of the ideal pentagonal bipyramid and the ideal capped octahedron are 2.643 and 3.049, respectively ͑Makovicky and Balic-Zunic, 1998͒, the present La2O 7 polyhedron can be described as a distorted capped The crystal structure of La 2 SiO 5 consists of the three types of polyhedra: La1O 9 , La2O 7 , and SiO 4 . The La1O 9 polyhedra share faces to form infinite chains running parallel to ͗001͘ ͓Figure 2͑a͔͒. Individual chains are further linked via O4-O2-O4-O2 faces of the La1O 9 polyhedra ͓Figure 2͑b͔͒. The La2O 7 polyhedra share edges, resulting in a formation of sheets parallel also to the ͑100͒ plane at x ϳ 0.5 ͓Figure 2͑c͔͒. These two types of polyhedral groups are alternately stacked parallel to ͑100͒, and they are intercon- Figure 2 . Projection of part of the structure viewed along the a * axis. Atom numbering corresponds to that given in Table II . ͑a͒ The La1O 9 polyhedra share faces to form a chain running parallel to ͗001͘. ͑b͒ The La1O 9 polyhedral chains are linked via 04-02-04-02 faces. ͑c͒ Edge-sharing La2O 7 polyhedra form a sheet parallel to ͑100͒ at x ϳ 0.5. nected via SiO 4 groups and non-silicon-bonded oxygen atoms ͑O5͒ to form a three-dimensional structure ͑Figure 3͒. La 2 SiO 5 has been found to be isostructural with the X 1 -phases of Y 2 SiO 5 and Gd 2 SiO 5 . The volumes of RO 9 polyhedra ͑R = Y, Gd, and La͒ steadily increase with increasing ionic radius of R ͑rR͒ ͑Figure 4͒. The polyhedral volume for LaO 9 is about 1.3 times larger than that of YO 9 . For the RO 7 polyhedra, the volumes also tend to increase with increasing r R , however the increases are much smaller than those of RO 9 . The unit-cell volumes also increase steadily with increasing r R ͑Felsche, 1973; Wang et al., 2001͒ , and the cell volume of La 2 SiO 5 ͑=0.4669 nm 3 ͒ is about 1.2 times as large as that of Y 2 SiO 5 ͑=0.3974 nm 3 ͒. Accordingly, the increase in the cell volume that is induced by the cationic substitution is mainly attributable to the volumetric expansion of the RO 9 polyhedra.
III. RESULTS AND DISCUSSION

B. Structure description and discussion
Lal-O1 0.2654͑7͒ La2-O1 f 0.2676͑9͒ Si-O1 0.163͑1͒ Lal-O1 a 0.237͑1͒ La2-O3 0.2575͑9͒ Si-O2 0.1624͑9͒ Lal-O2 0.2666͑8͒ La2-O3 f 0.2656͑8͒ Si-O3 0.1634͑9͒ Lal-O2 b 0.2618͑8͒ La2-O3 g 0.2489͑8͒ Si-O4 0.1619͑9͒ Lal-O2 c 0.2516͑9͒ La2-O5 0.2324͑8͒ O1-Si-O2 107.0͑5͒ Lal-O4 d 0.3055͑7͒ La2-O5 h 0.2506͑9͒ O1-Si-O3 108.7͑5͒ Lal-O4
IV. CONCLUSION
We refined the crystal structure of La 2 SiO 5 , which has a monoclinic unit cell with space group P2 1 / c. This compound is isomorphous with the X 1 -phases of R 2 SiO 5 ͑R=Y and Gd͒. The crystal structure consists of three types of polyhedra: LaO 9 , LaO 7 , and SiO 4 . The unit-cell volumes increase steadily with increasing ionic radius of R, from Y 3+ to Gd 3+ to La 3+ . The increase in the unit-cell volume is mainly attributable to the volumetric expansion of the RO 9 polyhedra.
